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!1. ( I)t’(”iill t~f tilt’ (’x])(’t”tt’tl (Iiti’mwre in cross section of til~ tW’(11)(’illllS ( il filCt(M of

.+ sc’ri(wof ~“nh’dut i(w wns pclf(mn(d to (’lultult(’ tht? (Iiscrill]ixllltion of nn apwturr

to (I(BcI:1(’wh(w it :+lMNI1(IIw ~dmw1. Tlw I)cst ~)la(.wl,wllt WM n(w tlw ol)t i(.id waists.





3. The detuning curve for the fundamental is the only curve that shifts significantly, m[>i ing

to =horter cavit]. lengths.

4. The efficiency of lasing cm the fundamental is about I(fi; on the third harmonic, efficiency

of Iasing is about 0.3(70.

5. \Vhen no apert m-e is used, la.sing on the f~mdarncntal is strong. The harmonic caxl IN’

start(l(~ or stopped IJYslight changes in alignment of the optical or elect mn Imanl. Tile

I.Nst alignment for tile fundamental appears to supress lasing on the harmonic.

G. Jf’hen no aperture is used, lasing can occur simultaneously at bot5 freqllencies for tht’

same valu(I of cavity length.

one might expect a strong coupling to exist during sixnult aneous lasing so that the

tWw frt’quencies (and pkses ) lock together. kVe 100IA for this coherence by examining

t~lc spectra. Cnfor:unat ely, t ~w f(mdament al spectrum was broad whenever the harm(xlic

was also present, being dominated by strong synchrotrons sidebands. The third harmonic

also appeare(l to be dominated by sidebands. The (iata are not definitive but fit a six:lple

Illo(lt’1 ill Whic}l t !w main line of the harmonic lm9 a frequency ~xactly t hrre t ixnes t lmt of

t~1{’fllIl(\iUIl(’nt d and hot h lines are I]]()(!{iliit~(~ })~ a syxwlm)tron (Mci]lat ion of tllc s/l IllV

frT(lll(’11(’y.

4. Discussion of results

.4 f($$ltllt(’of this work iS tll(’ sc])ar:itioIl of tll(} Il{lrl)l(}]li(’[Ill(i fllll({it~l](,llt:l] l;lsil),~ ;I(”lli(}v(!(l
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phase shift amounts to about 2r for the lowest (cvcm ) Gaussian mode, AT for the next

(odd ) mode, 67r for the next (m-en) mode, and an additional Zr for each higher mode.

TIIP exact value of the phase shifts (i.iRers slightly from these ~alues aml depen[!s ~lpon

t hr cavit y’s Rayh*igh ran ~c. Because of these extra phase shifts, the gro~lp velocity of the

ol)t ical x:~icrop~llsc is re(lucrd so t h~t the dist ante hetwcen tht’ nlirrors must he short cucd.

Our cst irnat es show that, because of this tdfect, fundamental light generat ccl in t Iw Imvcst

Gilllssian mode needs a cavity about 5 pm shortrr than otherwiw expectrd: light generated

in the second lowest nmde, 10 ~~nl shorter; etc. If some combinnt ion of mo(lcs is prmont.

nn mwage ;tdjust :llent of cavity lcngt h would have to be made. Calculations wt=havr Illii{l(’

show that aperture #3 mixes in roughly equal amounts of the four lowest even mmles at the

l’lmdamcntnl frqlumcy hut causes little mixing of the t bird harmonic modes. One wouM,

t bus. expect the synchronous cnvity hwgth for the fundamental’. to shift to a shorter Icngt h

Ijy an nmount arolmd 20 pm, wilile the t ilird harmonic would hardly shift at all, The two

(It’tllllillg cluves wmdd, t ilcn’for(’, srpamtc from each other by about 20 pm, in agrt=mnent

w-ith t hr (h=rvnt ions. Xlixing ill higher transverse modes also stretches the micropuhse by

[~lx)ut follr cvcles, btlt bocnllse its lcngtll is 300”q’cles ( 1(J ps long), the stretch is ncgligildr,.

L:lrgm i~]}(’rtImw shtNlld prmlllcv IPSNshift of thr (Ietuning curve: smnlk npmtlmcs sIM)III(I

I)r(xlllrr In(m’, III] in g(md ngrrrlnmlt with the obsrrv~ti(msm %vmal othm stll(lirs hnvv

(’Ill l)]liL.*iZl’tl tile ill]portaIlce of tll(’ r(~lnti~’r pllmw shifts of tile ilighc~r or(lrr tllo(ks filllollg

t IMVI1, st Il{liw t~f t iw ~vnlkillg [u1(I I)rvrtt llillg ltlo(lw [i’] IU1(I of slll~r[*ssiO1lof IIK)(I(*[I;,st(wtio;ls

I,! n c;lr(~fld t.lloi{.r of Rnylcigh rnllgr [S].

:i rll(m)llgll trmllll(’llt of II1(MI(s(list(mti(u~s 1111(1groll]) v(”l(witiw r(~(llliri~s II (It’t;lil(vl 1111
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a significant (about 10 t imcs) discriminate ion against fundamental lasing. Its use allows

one the freedom to choose either separate kasing on the f~mdarnent al or on the harmonic or

simultaneous lasing on both. Simultaneous lasing provides the opportunity to investigate

novel Ihenomcna su :h as coupling between the two frequencies.
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Figure Captions

Fig. 1. L.’nifcmu ~vigglm ~wd in experiment.

Fig. 2. .Apm-ture ldate m] actuator.

Fig. 3a. Detuning curves with no aperture.

Fig. 3b. Detuning curves with largest aperture, #1.

Fig. 3c. Eetuning curves with small aperture, #3.
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Table 1

Sizes of different apertures as well as their calculated and measured losses at 10 and
3 pm.

Apetiure Dkw!2!Q
Calculated Iosslpass Measured Ioss/pass

l!mm w mlm m!!

none 25% 3.9% 15% 60j4

#l 4.5 36% 4.0% 290~ 40~

2 4.0 5oo~ 5.0% 350~ 5%

3 3.5 64% 7.0% 50% 70/+

4 2.9 75% 13.0°A 75% NM

5 2.5 86% 23.0% 1



\rq



I
—-...---------------n --- 7....1

?,
.. . . . . .

4.



----- Fundamental Lashg

—— Third Harmonic Spontaneous
-— Third Harmonic Lasing

44
/

44 A
●-e

L

--------
4H* /#8 x 200/

4’~——— J

a) f
I I

I

I

\

‘1
\

\
\
\

\
t
tt

\A

1
“200 “150 -100 -50 0 +50

CAVITY DETUNING (pm)

!’ ,


